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TECHNICAL NOTE
Reduction of potassium and calcium in milk
by sodium sulfonated polystyrene resins
WESLEY C. STARBUCK
Department of Pharmacology, Baylor College of Medicine, Houston, Texas
Improved methodology in medicine has led to the main-
tenance of a large number of patients on restricted sodium
and/or potassium diets. A diet restricted in sodium alone
is not necessarily difficult to follow. However, a diet low
in sodium and potassium or a diet low in potassium alone
is difficult to follow because most foods contain substantial
amounts of potassium [1, 2]. Most of the available "dietetic
foods" have a lowered sodium content in combination
with other compositional changes such as a lowered carbo-
hydrate content. Palatability is often very poor.
Procedures have been devised to lower the serum potas-
sium concentration in vivo [3] since an elevated serum
potassium is potentially lethal. A process by which a
patient or dietitian could reliably lower the potassium
and/or sodium content of foods prior to their ingestion
would be of great value. Recently, a method to lower the
potassium content of certain foods was published by
Tsaltas [4]. It was the purpose of the present investigation
to explore the use of ion-exchange resins to alter the
cation content of foods. As a starting point, the effect of
sodium sulfonated polystyrene resin on the potassium and
calcium ion content of milk has been studied.
Methods
The resins were obtained from the Baker Scientific
Corporation as Dowex® resins or from the Bio-Rad
Laboratories as AG® resins. All resins were washed prior
to use in 1) deionized water, 2) 1 N sodium hydroxide,
3) deionized water, 4) 1 N hydrochloric acid, 5) deionized
water, 6) 1 N sodium hydroxide, and 7) deionized water.
Equilibration was achieved at each step. The water was
removed and the resin was used without drying. Aliquots
were dried and weighed. Varying amounts of damp resin
were stirred into 240 ml of cold (4° C) whole milk. Milk
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(bovine) was purchased commercially for these experiments.
After the resin had settled, the milk was decanted and
analyzed for its content of sodium, calcium and potassium
ions.
Potassium and sodium analyses were carried out on an
IL flame photometer or a Unicam flame photometer!
atomic absorption meter. Analyses on milk were read
directly without pre-processing. Calcium analyses were
carried out on a Unicam flame photometer/atomic absorp-
tion meter and with a Beckman Select Ion® calcium
electrode on a Beckman digital pH meter.
Results
Relationship between the amount of resin and the content
of sodium and potassium in milk (Fig. 1). The amount of
potassium fell rapidly to less than 50% of the level found
in untreated milk when four tablespoons of resin were
added to a 240 ml glass of milk. Beyond this point little
benefit was gained. The sodium content rose linearly until
10 to 12 tablespoons of resin had been added per 240 ml of
milk. Four to six tablespoons of resin in a 240 ml glass of
milk appear to be a practical maximum and reduce the
potassium content from approximately 350 mg to approxi-
mately 165 mg, a substantial decrease for a patient whose
dietary intake is limited to 1000 mg of potassium per day.
The effect of the amount of added resin on calcium levels
is shown in Table 1. The decrease in calcium content
paralleled that of potassium.
The effect of the type of resin employed. No relationship
was found between the particle size of the resin and the
amount of potassium removed (Table 2). Except for the
finest resins, the particles settled quite rapidly. Regardless
of resin size, the maximum exchange occurred within the
first five to ten seconds after the resin was stirred into
the milk. There was no relationship between the percent
of divinylbenzene crosslinkage (2 to 20%) in the resin and
the extent of the potassium reduction.
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Fig. 1. Effect of quantity of resin added on levels of potassium and
sodium ion in milk. The resin used was AG-50 X-8, 50-100 mesh.
The lower abscissa gives the number of g dry weight/l00 ml.
One tablespoon of resin was found to weigh 8.1 g wet and 3.6 g
dried for this particular batch. The values obtained are plotted
as percent relative to the amount of sodium and potassium ion
in untreated milk. Each point represents at least three experi-
ments. The mean the standard error for potassium and sodium
ion in untreated samples of milk was 1465± 198 mg/liter and
433 71 mg/liter, respectively (N= 13). The range was 980 to
1 552 mg/liter and 390 to 575 mg/liter, respectively.
Effect of resin on pH and protein content. Sulfonated
polystyrene resin will nonspecifically bind most available
cations. However, the pH was found to change only slightly
(0.1 to 0.3 pH units), even after adding large quantities of
resin. In addition, the resin in amounts up to six table-
spoonsj24O ml only slightly affected the measurable protein
in the milk. A small decrease in the content of protein was
noted above this point. This decrease was negligible in
terms of the overall concentration of protein. However,
the binding of the protein to the resin may provide major
competition for potassium and other cations. Hence, the
resin may bind potassium more efficiently when less
protein is present.
AG-SO, X-8 resin
tablespoons
Calcium removeda
%
0 O(O.llg/lOOml)
2 38 (35—40)
4 53 (50—55)
6 65 (60—70)
8 65 (63—68)
10 68 (65—70)
12 72 (68—72)
Palatability. The taste of the treated milk was unaffected
by the resin when added in amounts up to approximately
eight tablespoons/240 ml of milk. Eight tablespoons of
resin per glass imparted only a mild salty metallic taste to
the milk. However, with the addition of 12 tablespoons of
resin per glass of milk a distinct metallic taste was evident.
Discussion
The present study was initiated to find methods of
lowering the potassium and sodium content in foods. Milk
was used as a prototype. The choice of sulfonated poly-
styrene resin in the sodium form as the initial resin for
study was based on its previous use for reducing potassium
in viva [3]. In this study, the potassium and calcium ion
content of milk was reduced while the content of sodium
was increased. Other forms of the resin may lead to a
reduction of sodium or both sodium and potassium.
Ion exchange procedure are not necessarily limited to
liquids. Tsaltas (4) has reported that the potassium content
of potatoes and other vegetables can be reduced by thin
slicing and reboiling several times in deionized water.
More efficiency may be achieved if dialysis bags containing
resin are added to the water during cooking.
Other types of resins such as carboxyl, phosphoryl and
imminodiacetic acid on polystyrene or other matrixes may
Table2. Effect of particle size on potassium reduction and settling time
Resin Dry mesh size Particle size
% Potassium removedb
Time to settle
Tablespoons of .resin/24O ml
p 3 8
AG-50, X-8 20— 50 840—297 48 75 3— 5 sec
AG-SO, X-8 50—100 297—149 50 73 10—13 sec
AG-SO, X-8 100—200 149— 74 47 65 60 sec
AG-SO, X-8 200—400 74— 37 55 67 3— 5 mm
AG-SO, X-8 <400 <37 54 66 5— 7 mm
Kayaxalate® fine — 37 55 30 mm
Aminex®, A4a — 17.5± 2 48 62 20—30 mm
a Biorad Laboratories.
b Each value represents two or more experiments. Each value has been corrected for the dry weight of resin/tablespoon and the number
of mEq/g resin.
Table 1. Effect of resin on calcium content of 240 ml of milk.
I I Tablspoons resin / 20ml
0 3 6 9 12 15 18
Dry wt of resin, g/100 ml
a Values are average of two or more experiments. Range in
parentheses.
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be effective. Some resins have unique properties for the
binding of alkali metals (5, 6). In addition, compounds
such as valinomycin have the interesting property of causing
a selective uptake of potassium across membranes [7, 8].
The amount of sodium released from the resin suggests
that a large number of sodium ions remain bound to the
resin and are not exchanged. It also seems likely that the
resin will be more effective in fluids such as fruit juices
where there are less competing cations and the pH is lower.
The procedure presented in this paper has now been used
for over one year by one patient restricted to 1000 mg of
potassium per day. By drinking a glass of treated milk each
morning, the amount of potassium ingested has been
reduced, thus permitting the use of milk for both cooking
and drinking. The choice of the resin was based upon
criteria other than efficiency. For convenience alone, it is
more practical to use large particles of resin since they
setlle faster and remain better layered. From a commercial
standpoint, the choice of particle size and crosslinkage
might be more rationally based on economy. It has been
found that the resin can be regenerated many times. It
seems probable that the use of resins can lessen the diffi-
culties of maintaining a palatable diet, still yet permit the
ingestion of one that is restricted in its potassium and/or
sodium content with minimal loss in nutritional value.
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